The transcription factor cAMP response element-binding protein (CREB) in the nucleus accumbens (NAc) has been shown to regulate an animal's behavioral responsiveness to emotionally salient stimuli, and an increase in CREB phosphorylation in the NAc has been observed during exposure to rewarding stimuli, such as drugs of abuse. Here we show that CREB phosphorylation increases in the NAc also during exposure to cues that an animal has associated with delivery of natural rewards. Adult male Sprague-Dawley rats (rattus norvegicus) were trained to associate an auditory stimulus with delivery of food pellets, and CREB phosphorylation was examined in the striatum following training. We found that repeated tonefood pairings resulted in an increase in CREB phosphorylation in the NAc but not in the adjacent dorsal striatum or in the NAc 3 h after the final training session. We further found that the cue itself, as opposed to the food pellets, the training context, or tone-food pairings, was sufficient to increase CREB phosphorylation in the NAc. These results suggest that the processing of primary rewarding stimuli and of environmental cues that predict them triggers similar accumbal signaling mechanisms.
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The nucleus accumbens (NAc) regulates behavioral responses to emotionally salient stimuli and to cues and contexts that predict such stimuli (Cardinal, Parkinson, Hall, & Everitt, 2002; Kelley, Baldo, Pratt, & Will, 2005) . Exposure to emotionally salient stimuli and drugs of abuse increase phosphorylation of the transcription factor cAMP response element-binding protein (CREB) in the NAc (Barrot et al., 2002; Walters, Cleck, Kuo, & Blendy, 2005) . Furthermore, alteration of CREB signaling within the NAc alters behavioral responses to these stimuli and to drugs of abuse (Barrot et al., 2002; Carlezon et al., 1998; Pliakas et al., 2001; Walters & Blendy, 2001) .
Previous research showed that exposure to contextual cues that were paired with drugs of abuse increases CREB phosphorylation in the NAc (Kuo et al., 2007; Miller & Marshall, 2005; Tropea, Kosofsky, & Rajadhyaksha, 2008) . However, these results might reflect a neuroadaptation to repeated drug exposure in that repeated drug exposure may have caused CREB phosphorylation to become sensitive to reward-associated cues. It is not known whether an increase in CREB phosphorylation occurs in the NAc during exposure to cues associated with natural rewards in the absence of drug-induced neuroadaptations. Such information would be valuable in determining the extent to which natural reward-learning mechanisms are recruited in addiction. To address this question, we used Pavlovian conditioning to train rats to associate a conditioned stimulus (CS) with delivery of food reward, and then measured CREB phosphorylation in the NAc after different amounts of Pavlovian training and after CS presentation. We hypothesized that if CREB phosphorylation in the NAc has a role in shaping behavioral responses to CS's, then CS presentation should result in increased CREB phosphorylation within the NAc.
We placed male Sprague-Dawley rats (Hilltop Lab Animals, Scottdale, PA) on a restricted diet of about 20 g of rat chow per day to maintain their body weight at approximately 90% of their free-feeding weight. Animals were trained in standard operant chambers (Med-Associates, St. Albans, Vermont) to associate a 90-s tone (3 kHz, 80 db) with delivery of three 45 mg sucrose pellets (Bio-Serv, Frenchtown, NJ) into a food cup within the operant chamber. Each daily training session consisted of eight tone presentations with a 4.5-6.5-min inter-trial interval. Rats assigned to the control group were presented with an identical number of tones; however, food pellets were never delivered during the session. All animal procedures were approved by the University of Pittsburgh Institutional Animal Care and Use Committee. The behavioral data were collected in the Rodent Behavior Analysis Core of the University of Pittsburgh.
During each training session the number of head entries to the food cup was recorded during the first 30 s of the tone presentation
